nia uniflora L., among others. Thus, the aim of the present study was to develop a systematic review to analyze whether plants in the Eugenia genus have antimicrobial and cytotoxic properties in vitro, as well as the chemical composition of the various species. This review demonstrates the importance of the Eugenia genus in providing secondary metabolites of pharmacological interest and establishes that further research of many species would be beneficial.
Search Strategy
This systematic review was carried out using bibliographic research in 2016, and includes articles published from 1973 to 2015. We used specialized databases (Web of Science, Scielo, Lilacs, Pubmed, Science Direct, Scopus, and an article selected from Google Scholar) and included Eugenia and antimicrobial activity, Eugenia and toxicity, and Eugenia and chemical composition as key words for the literature searches. The articles included in this manuscript were original articles. Further, articles containing isolated compounds identified via spectroscopic techniques and articles reporting antimicrobial and cytotoxic activity were included. Species of the genus Eugenia were selected according to the classification of Kew Royal Botanic Garden and The Plant List, excluding species not belonging to the genus. Duplicate items or items that were not within the review area of interest were excluded. The three major compounds identified in the species studied were selected for the chemical composition of the essential oil. The Endnote program was used to store the selected articles. Initially, two researchers selected articles by titles, and article abstracts were evaluated. Finally, the complete articles were read in whole, and references that met the inclusion criteria were included in the review. Disagreements were resolved through consensus among researchers, and in the case of nonagreement, a third reviewer was consulted.
Initially, 1057 articles were selected. We excluded 227 duplicate articles, 53 of which were excluded with the help of an Endnote tool and 174 of which were manually excluded. Of the original 1057 articles, 673 did not fit the inclusion criteria and were excluded after reading the titles and abstracts, while 64 were excluded after reading the complete article. As such, this review includes 93 articles that reported the isolation of phytoconstituents, as well as the antimicrobial and cytotoxic properties of species from the genus Eugenia.
The Eugenia Genus
The Eugenia genus is considered the fourth most important genus of the family Myrtaceae for the production of essential oils after the Eucalyptus, Melaleuca, and Psidium genera. Essential oils from Eugenia species comprise approximately 300 compounds that have been previously identified, with cyclic sesquiterpenes predominating and monoterpenes found in smaller quantities. A few species produce aliphatic and aromatic compounds. These various types of terpenoid compounds are used in the pharmaceutical, cosmetic, and agrochemical industries [6, 8] . In addition to essential oils, flavonoids, triterpenoids, and tannins have also been identified in Eugenia species. Among the flavonoids, there is a predominance of polyhydroxy flavanols, and most of the isolated pentacyclic triterpenes have a lupan or oleanane skeleton [4] .
The most studied Eugenia species are E. uniflora L. and E. brasiliensis Lam., which produce exotic fruits such as "pitanga" (E. uniflora L.) [9] and "grumixama" or "Brazilian cherry" (E. brasiliensis Lam.) [10] . These fruits are consumed fresh or in the form of juices and jellies and have high nutritional value, as well as being rich ▶ Table 1 Data on the traditional use of Eugenia species in the studies selected through this systematic review.
Species
Extracts and/or part of the plant Traditional uses References E. axillaris (SW.) Willd. Decoction of the leafy branch tips Aphrodisiac, antidiarrheic, and for bathing women after childbirth [17, 18] in calcium, phosphorous, provitamin A, vitamin C, carotenoids, and phenolic compounds (anthocyanins) [11] . In addition, these compounds have therapeutic properties that are widely used in folk medicine, such as diuretic, antirheumatic, antipyretic, antidiarrheal, and antidiabetic properties [12, 13] . The essential oils are used in the Brazilian cosmetic industry, attributable to their astringent properties and pleasant smell [14] .
Traditional uses
In traditional medicine, most of the plants of the genus Eugenia have been used to treat a wide variety of ailments such as infectious diseases, intestinal infections, and gastrointestinal disorders, as well as in the treatment of wounds or as repellents or insecticides against domestic and agricultural pests [15, 16] . The traditional uses of Eugenia species are described in ▶ Table 1 .
Phytochemical constituents of Eugenia genus
An investigation of the chemical constituents of Eugenia species resulted in the isolation and identification of sesquiterpenes, monoterpenes, aliphatic compounds, triterpenes, flavonoids, tannins, and cyanidins.
Essential oils
To obtain the essential oils, fresh samples of Eugenia species are collected and then identified, and an exsiccated sample is deposited in an herbarium. Most reports focus on the composition of essential oils from the plant leaves, however, in some studies, the stem, fruit, and flowers were analyzed. The most commonly used extraction processes were hydrodistillation and supercritical fluid extraction. The compounds were characterized using mass spectrometry, retention indexes, and retention times. We compared the results of each study to the current literature and spectra from databases. The essential oils from 56 species of Eugenia were analyzed, and approximately 500 compounds were identified. Sesquiterpenes (hydrocarbons and oxygen derivatives) were found and classified as the main class of volatile constituents, together with monoterpenes in smaller amounts. Some species produce small amounts of aromatic and aliphatic compounds, with concentrations below 1 %. However, 90.0 % of the compounds identified in Eugenia stigmatosa DC. were aliphatic compounds. Further, the aliphatic compounds from Eugenia burkatiana D.Legrand (7.9 %), Eugenia catharinensis D.Legrand (10.5 %), and Eugenia joensonii Kausel (14.6 %) differed from the other species analyzed. The amount of each component is given as a percentage of the total oil and, in general, 80-90 % of the oil was identified. The essential oils from Eugenia species are characterized by chemical diversity (▶ Table 2 ), and their molecules are shown in ▶ Figs. 1-6.
Triterpenes
The reported triterpenes were isolated from the stem and leaves of five species of Eugenia and are described in ▶ Table 3 , and their structures are shown in ▶ Fig. 7 . The triterpenic acids present in many botanical families have also been isolated from species in the Eugenia genus, including betulinic acid, which has several biological properties, including cytotoxic and anticancer potential [65] . Other compounds, such as α, β-amirins, have been identified in Eugenia species. The structural characteristics of the compounds were determined via 1 H and 13 C nuclear magnetic resonance spectroscopy and are compared to experimental data described in the literature.
Polyphenols and cyanidins
Several species of Eugenia are used in traditional medicine as antibacterial and anti-inflammatory agents, attributable to high concentrations of polyphenolic compounds, hydrolysable tannins, and flavonoids. Natural phytoalexins (also called stilbenes) having several important biological activities, including anticancer properties, were isolated from E. rigida. The first stilbene reactant isolated from the genus Eugenia was (Z)-3,4,3′,5′-tetramethoxystilbene [5] . Further, euglobals were found in E. umbelliflora. Euglobals are substances that occur exclusively in the Eucalyptus genus of the family Myrtaceae and have known biological activities, including chemoprotective, antileishmanial, and antimalarial properties [67] . These compounds are described in ▶ Table 3 , and their chemical structures are shown in ▶ Figs. 8-10. 
Biological activities
Antimicrobial activity Some Eugenia species were investigated for their antibacterial and antifungal activities. Studies of the antimicrobial activity of Eugenia species are reported in ▶ Table 4 .
Preparations of essential oils, leaf extracts, stems, and seeds of Eugenia species have been widely researched for their activities against gram-positive and gram-negative bacteria, as well as some species of yeast-like fungi, and compared to the activity of standard drugs. There are few studies on the antimicrobial activity of the isolated compounds. Different antimicrobial activity assays with different antibiotic and antifungal controls were used, including agar diffusion, disc diffusion, bioautography, macrodilution, and microdilution.
Eugenia species were tested against ATCC and clinical isolates of gram-positive and gram-negative bacteria, as well as yeast-like fungi.
When the results were analyzed, the minimum inhibitory concentration (MIC) values were classified as having good inhibitory potential (less than 100 µg/mL), moderate inhibitory potential (between 100 and 500 µg/mL), weak inhibitory potential (between 500 and 1000 µg/mL), or the absence of inhibitory potential (above 1000 µg/mL) [20] .
▶ Table 3 Isolated compounds from Eugenia species in the studies selected through this systematic review.
Species
Part According to this established profile, the Eugenia calycina, E. pyriformis, E. umbelliflora, E. uniflora, and Eugenia uruguayensis species demonstrated good inhibitory potential against grampositive and gram-negative bacteria, as well as yeast-like fungi. Samples of ethanolic, methanolic, and ketonic extracts and essential oil evaluated against strains of several microorganisms showed MIC values ranging from 7 to 100 µg/mL. The antimicrobial activity observed has been attributed to the presence of different bioactive compounds that have an impact on the growth and metabolism of microorganisms. Medicinal plants are known to produce antimicrobial substances belonging to many chemical classes, such as alkaloids, lignins, phenolic compounds, and terpenoids [20] .
Moderate antimicrobial potential was observed against strains of gram-positive and gram-negative bacteria, as well as yeast-like fungi, with MIC values ranging from 156.2 to 500 µg/mL in several Eugenia species.
Antimicrobial activity in the presence of standard antibiotics
The compounds present in plants are capable of retarding or inhibiting the growth of bacteria, yeasts, and yeast-like fungi when used alone. However, there is also the possibility of using them in combination with conventional antimicrobials to improve their effectiveness [20] . The MIC of an E. uniflora ethanolic extract was reduced in the presence of the antibiotics amikacin, gentamicin, kanamycin, neomycin, and tobramycin at concentrations of 16 and 32 µg/mL when tested against clinical isolates of Staphylococcus aureus, demonstrating a synergistic effect [23] . However, the same samples evaluated against clinical isolates of Escherichia coli continued at a concentration of 128 µg/mL showed no synergistic effects [85] . An ethanolic extract from E. uniflora leaves evaluated against Candida tropicalis (ATCC 13803) alone and in combination with the antifungal metronidazole reduced the MIC of metronidazole from 128 to 32 µg/mL, a fourfold reduction [81] . The checkerboard method was used to evaluate synergistic interactions between E. pyriformis and vancomycin or fluconazole. A combination of the hydroalcoholic fraction from the E. pyriformis leaves and vancomycin exhibited synergism against Enterococcus faecalis, with a fractionated inhibitory concentration index (FICI) of 0.37. FICI values are interpreted as synergistic (FICI < 0.5), additive (0.5 < FICI > 4), or antagonistic (FICI > 4) [20] . In addition, combinations of fluconazole with an E. pyriformis crude leaf extract and acetone extract showed activity against Candida krusei and Candida parapsilosis, with FICI values between 0.24 and 0.50. Further, a synergistic interaction was observed when an ethyl acetate fraction of E. pyriformis leaves was combined with vancomycin or fluconazole to treat Candida albicans, C. krusei, and C. parapsilosis resulted in FICI values between 0.24 and 0.37 [20] .
Cytotoxicity
The cytotoxic activity of Eugenia species is reported in ▶ Table 5 . In these studies, several extraction methods were used to obtain extracts, fractions, and essential oils from leaves, fruits, and seeds of some Eugenia species. Effective results against growth in differ-ent tumor cell lineages and Artemia salina were observed. Specimens of A. salina Leach (brine shrimp), a marine microcrustacean, were used as target organisms to detect bioactive compounds in plant extracts, and toxicity tests against these animals have shown a good correlation with antitumor activity [86] . Medium lethal concentrations (LC 50 ) were used to estimate the toxicity of A. salina, providing a general toxicity analysis, and several studies correlated this method with antiviral, antiparasitic, and antitumor activity [87] [88] [89] . The essential oil of Eugenia zuchowskiae Barrie was cytotoxic, with 100 % death when used to treat cell lines at 100 µg/mL [18] . E. zuchowskiae Barrie extracts comprise α-pinene, β-caryophyllene, and α-humulene compounds. α-Pinene has exhibited cytotoxic activity in Hep G2 human hepatocellular carcinoma cells, and α-humulene has been shown to be active in several tumor cell lines [90] .
Conclusions, Discussion, and Future Perspectives
Species of Eugenia have been investigated in recent decades, revealing a great diversity in chemical composition. Hydrocarbons and oxygenated derivatives have been identified in the essential oils of Eugenia species, while in extracts of the aerial parts, the compounds triterpenes, flavonoids, tannins, and cyanidins have ▶ Flow cytometry assays Cell HSC line was obtained from livers of C3H/HeN mice that were infected by transcutaneous penetration of cercariae from the Schistosoma mansoni BH strain (GRX) Viability cell was significantly decreased on cells treated with 50 µg/mL of extract for 72 h and on cells treated with 100 µg/mL for 48 and 72 h. Proliferation cell: The reduction of cell proliferation was dose dependent at the cell counting assay and the cells treated with 100 µg/mL of extract visually, not increased in three days of treatment.
Mitochondrial content was significantly reduced in GRX cells treated with 50 and 100 µg/mL of an extract at all times studied. The cells treated with 50 and 100 µg/mL of extract for 24 h showed a 13 % increase in the number of GRX cells in the G0G1 phase and a reduction in the S phase. We did not observe an increase in apoptosis in cells treated for 24 and 48 h. However, the percentage of necrotic cells increased significantly in cells treated with 50 and 100 µg/mL for 48 h.
[26] continued ▶ been identified. In view of the chemical diversity described, Eugenia species are likely a promising source of bioactive compounds. Of the Eugenia species known, only 350 have been investigated for their chemical composition and biological activity, demonstrating a shortage of studies for this genus. E. uniflora was the most studied species, attributable to its popular use. It is important to consider that Eugenia species are used in folk medicine, and several therapeutic properties have been reported, including antibacterial and antifungal activity against various microorganisms. Several studies evaluating the antimicrobial activity of extracts and derivatives used in combination with commercial antimicrobials revealed synergistic effects against microorganisms, potentializing the efficacy of these agents. However, some studies evaluating the bioactivities did not present a positive control or use a comparator to infer value to the results obtained, such as MIC or IC 50 values. Finally, we observed that cytotoxicity studies performed with Eugenia species presented wide methodological variations, making it difficult to compare the observed biological effects. Studies exploring the association between the various phytochemicals and their biological activities may lead to the discovery of new bioactive compounds with therapeutic potential in Eugenia species that are native to Brazilian flora. Natural sources should be further explored and may result in the discovery of chemically diverse and biologically active compounds, including promising drugs in the search for new antimicrobial agents. Detection of these agents is important, as the increase in pathogen resistance to commercially available antimicrobials is a global health problem. Thus, this review suggests that species in the Eugenia genus have promising biological activities, supporting the need for future research on the development of drugs from the extracts and chemical constituents.
